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I. PROGRESS SUMMARY 
This  i s  t h e  s e v e n t h  p r o g r e s s  r e p o r t  on a s t u d y  c o n t r a c t  
t o  de te rmine  t h e  f e a s i b i l i t y  and p r a c t i c a b i l i t y  of  p r o v i d i n g  
a  r e s u p p l y  and r e p a i r  c a p a b i l i t y  f o r  a n  e a r t h - o r b i t a l  s p a c e  
s t a t i o n  A u x i l i a r y  P r o p u l s i o n  System (APS). 
S e v e r a l  s t u d i e s  were conducted t h i s  month i n  s u p p o r t  of  
t h e  b a s i c  s u b j e c t s  of  r e s u p p l y  and i n - f l i g h t  maintenance.  These 
a n a l y s e s  i n c l u d e d  we igh t  comparisons of  t h e  f i v e  c a n d i d a t e  
r e s u p p l y  sys tems ,  a n  a n a l y s i s  of l e a k a g e  c r i t e r i a  f o r  t h e  space  
s t a t i o n ,  and a p r o p e l l a n t  t o x i c i t y  a n a l y s i s .  The d e s i g n  o f  
s e p a r a b l e  c o n n e c t o r s  i s  d i s c u s s e d  i n  t h i s  p r o g r e s s  r e p o r t  and 
concep t s  a r e  p r e s e n t e d  f o r  f i t t i n g s  t h a t  a r e  a d a p t a b l e  t o  i n -  
f l i g h t  maintenance.  The d e t a i l e d  d e f i n i t i o n  and a n a l y s i s  phase ,  
Task TV of  t h i s  c o n t r a c t ,  i s  90% complete  and w i l l  be f i n a l i z e d  
e a r l y  i n  February .  
A p r o p e l l a n t  t o x i c i t y  a n a l y s i s  w a s  conducted t o  e v a l u a t e  
t h e  e f f e c t s  o f  p r o p e l l a n t  s p i l l a g e  and l eakage  w i t h i n  t h e  
s p a c e  s t a t i o n .  The a n a l y s i s  concluded t h a t  t h e  p r o p e l l a n t  
sys tem must be  i s o l a t e d  from t h e  crew q u a r t e r s  and t h a t  no 
l e a k a g e  i s  p e r m i s s a b l e  i n t o  t h e  space  s t a t i o n ,  Very s m a l l  
q u a n t i t i e s  of p r o p e l l a n t  s p i l l a g e  w i t h i n  t h e  s p a c e  s t a t i o n  
w i l l  r a i s e  t h e  t o x i c i t y  l e v e l  t o  t h e  emergency t o l e r a n c e  l i m i t .  
F u r t h e r  d i s c u s s i o n  o f  t h i s  s t u d y  i s  p r e s e n t e d  i n  S e c t i o n  1 1 - B .  
An s n y l y s i s  was conducted t o  d e t e r m i n e  t h e  a l l o w a b l e  Leak- 
age  t h a t  cou ld  be t o l e r a t e d  i n  t h e  a t t i t u d e  p r o p u l s i o n  sys tem,  
It  was concluded t h a t  l a r g e  q u a n t i t i e s  of  p r o p e l l a n t  and n i t r o g e n  
l eakage  could  be  t o l e r a t e d  i f  t h e  l eakage  were d i r e c t e d  t o  
vacuum. P r o p e l l a n t  vapors  must be c o l l e c t e d  i n  a d e v i c e  such 
a s  a c o l d  t r a p  t o  p r e v e n t  e x t e r n a l  c o n t a m i n a t i o n  t o  t h e  space  
s t a t i o n .  D e t a i l e d  d a t a  on l eakage  c r i t e r i a  i s  outLined i n  
S e c t i o n  1 1 - A ,  
Weight compar isons  were made f o r  t h e  f i v e  r e s u p p l y  sys tems .  
It  was concluded t h a t  t h e  t o t a l  weight  v a r i a t i o n  i n  t h e  f i v e  
sys tems was minimal (SO pounds) .  S e c t i o n  111 a i s o  summarizes 
t h e  d e l t a  we igh t  i n c r e a s e  (105 pounds) n e c e s s a r y  f o r  i n c l u s i o n  
2f t h e  redundancy and i n - f l i g h t  maintenance p r o v i s i o n s  n e c e s s a r y  
co  complete  a  t e n  y e a r  m i s s i o n ,  
F u t u r e  e f f o r t ,  d u r i n g  t h e  next  r e p o r t i n g  p e r i o d ,  w i l l  be 
concerned w i t h  t h e  c o n c l u s i o n  of t h e  d e t a i l e d  d e f i n i t i o n  
a n a l y s i s  phase ,  The c o n c e p t u a l  d e s i g n  phase ,  Task V ,  w i l l  be 
i n i t i a t e d  n e x t  month. Th i s  phase of  t h e  c o n t r a c t  w i l L  i n v o l v e  
d e s i g n  l a y o u t s  of t h e  p r o p u l s i o n  sys tem and t h e  d e s i g n  of a  
mock-up d e p i c t i n g  i n - f l i g h t  maintenance and r e s u p p l y .  
The d e s i g n  Layouts w i l l  f i n a l i z e  t h e  c o n c e p t s  and s t u d y s  
conducted th roughout  t h i s  program and w i l l  show placement of  
t h e  APS w i t h i n  t h e  space  s t a t i o n ,  a c c e s s  p r o v i s i o n s ,  mounting,  
s a f e t y ,  and human e n g i n e e r i n g  a s p e c t s  of i n - f l i g h t  maintenance.  
The d e s i g n  l a y o u t s  a r e  i n t e n d e d  t o  s e r v e  a s  a g u i d e  f o r  f u t u r e  
i n - f l i g h t  maintenance d e s i g n  c o n s i d e r a t i o n s .  
The mock-up w i l l  show, i n  t h r e e  d imens iona l  form, a l l  
c o n s i d e r a t i o n s  n e c e s s a r y  f o r  optimum d e s i g n  f o r  i n - f l i g h t  
maintenance,  I t  w i l l  show f i t t i n g  d e s i g n ,  commonality i n  
components, common v a l v e  body c o n f i g u r a t i o n s ,  modular r e -  
placement of  t h e  n i t r o g e n  s p h e r e s ,  human f a c t o r  c o n s i d e r a t i o n s ,  
mounting,  a c c e s s ,  e t c .  C e r t a i n  components w i t h i n  t h e  moclc-up 
w i l l  be removable and w i l l  s e r v e  a s  a  t a s k  p a n e l  t o  e v a l u a t e  
removal t e c h n i q u e s .  
11. IN-FLIGHT MAINTENANCE 
During t h i s  month s e v e r a l  a n a l y s e s  were conducted t h a t  a r e  
p e r t i n e n t  t o  i n - f l i g h t  maintenance and a s s o c i a t e d  long d u r a t i o n  
m i s s i o n s .  The f o l l o w i n g  s t u d i e s  were  completed,  and a r e  de -  
s c r i b e d  f u r t h e r  i n  t h e  d i s c u s s i o n .  
A .  Leakage C r i t e r i a  
B.  P r o p e l l a n t  T o x i c i t y  A n a l y s i s  
C.  M a i n t a i n a b l e  F i t t i n g s  
A.  Leakage C r i t e r i a  
The a b i l i t y  t o  remove components from a  sys tem i s  a v e r y  
n e c e s s a r y  e lement  i n  i n - f l i g h t  maintenance,  b u t  t h i s  r equ i rement  
a l s o  i n c r e a s e s  t h e  p o t e n t i a l  l e a k a g e  p a t h s  i n  t h e  sys tem.  I n  
view of t h e  p o t e n t i a l  l eakage  problem, a n  a n a l y s i s  was conducted 
t o  d e t e r m i n e  what l eakage  c r i t e r i a  was a l l o w a b l e  f o r  t h e  a t t i t u d e  
p r o p u l s i o n  sys tem (APS) i n  t h e  s p a c e  s t a t i o n .  The a n a l y s i s  i s  
a l s o  a p p l i c a b l e  t o  o t h e r  f l u i d  sys tems on t h e  s p a c e  s t a t i o n .  
The a n a l y s i s  c o n s i d e r e d  t h e  number of e x t e r n a l  l eakage  
p a t h s  i n  t h e  p r o p u l s i o n  sys tem,  t h e  sys tem commodity, and 
p r e s s u r e s ,  T a b l e  11-1 shows t h e  number of  l eakage  p a t h s  f o r  
each  subsystem i n  t h e  APS, c o n s i d e r i n g  b o t h  t h e  module approach  
t o  component packaging,  and a  sys tem comprised of i n d i v i d u a l  
components. 
High-Pressure  Ni t rogen  (3000 p s i )  
Low-Pressure E i t r o g e n  (220 p s i )  
P r o p e l l a n t  (300 p s i a )  
TABLE I1 - 1 SYSTEM LEAICAGE PATHS 
The above t a b l e  does  i n d i c a t e ,  t h a t  i n  t h e  a t t i t u d e  pro-  
p u l s i o n  sys tem,  t h e  p e r c e n t a g e  of l eakage  p a t h s  i s  n o t  dec reased  
s u b s t a n t i a l l y  by packaging t h e  components i n  a  module con- 
f i g u r a t i o n ,  
P a r a m e t r i c  leakage d a t a  f o r  each subsystem i s  p r e s e n t e d  
g r a p h i c a l l y  i n  F i g u r e s  11-1, 2 ,  and 3. Using t h e s e  g r a p h s ,  t h e  
pounds of  commodity l o s t  th rough  e x t e r n a l  l eakage  can  be 
q u i c k l y  de te rmined  a s  a f u n c t i o n  of l eakage  c r i t e r i a  and t h e  
number of  f i t t i n g s  i n  t h e  sys tem.  The d a t a  assumes t h a t  t h e  
l eakage  c r i t e r i a  ( c c / s e c )  i s  baded upon a  sys tem l e a k  check 
u s i n g  n i t r o g e n  a t  t h e  o p e r a t i n g  p r e s s u r e  of t h e  sys tem.  
The f o l l o w i n g  t a b l e  p r e s e n t s  t h e  commodity l o s s  and p e r -  
c e n t  of t o t a l  commodity l o s s  f o r  t h e  APS sys tem a s  a  f u n c t i o n  
of t h e  l eakage  r a t e .  The d a t a  i s  based upon a n  APS c o n f i g u r -  
a t i o n  u s i n g  i n d i v i d a u l  components. 
"To ta l  Loads a r e :  Ni t rogen  30 l b s ,  P r o p e l l a n t  1000 l b s .  
TABLE 11-2 SYSTEM COMMODITY LOSS 



H i s t o r i c a l l y ,  l e a k a  e c r i t e r i a  f o r  p r o p u l s i o n  sys tems have 
been v e r y  s t r i n g e n t  (lo-' c c / s e c ) .  These c r i t e r i a  were based 
upon t h e  h i g h  t o x i c i t y  of t h e  p r o p e l l a n t s ,  t h e i r  h y p e r g o l i c  
n a t u r e ,  t h e  c o r r o s i v e  environment r e s u l t i n g  from a  p r o p e l l a n t  
l e a k ,  and commodity l o s s e s  due t o  l eakage  over  an extended 
p e r i o d  of t ime .  One of  t h e  c o n s t r a t i n s  on t h e  space  s t a t i o n  
i s  t h a t  h i g h  p r e s s u r e  s p h e r e s  and p r o p e l l a n t  t a n k s  must be 
i s o l a t e d  from t h e  crew q u a r t e r s .  I n  a d d i t i o n  t o  t h i s  c o n s t r a i n t ,  
t h i s  s t u d y  h a s  concluded tha.t t h e  p r o p e l l a n t  e n c l o s u r e  shou ld  
be ven ted  t o  vacuum d u r i n g  normal o p e r a t i o n .  The p r o p e l l a n t  
e n c l o s u r e  must have t h e  c a p a b i l i t y  t o  be  r e - p r e s s u r i z e d  f o r  
maintenance a c t i v i t i e s .  
With t h e  sys tem leakage  ven ted  t o  vacuum p r e v i o u s  d e s i g n  
problems r e l a t e d  w i t h  t o x i c i t y  and c o r r o s i o n  a r e  g r e a t l y  reduced.  
The system commodity l o s s ,  Tab le  11-2,  i s  n o t  s i g n i f i c a n t ,  
even a t  l a r g e  r a t e s  o f  l eakage .  The c o n c l u s i c n s  of  t h i s  a s p e c t  
of  t h e  s t u d  i s  t h a t  i f  t h e  sys tem were des igned  t o  a  l eakage  
r a t e  of lo-' atm c c / s e c  per  f i t t i n g ,  q u a l i f i e d  t o  10-4 c c l s e c ,  
and a c t u a l l y  met a l eakage  r a t e  of  lo-" atm c c l s e c  f o r  t h e  
d u r a t i o n  of t h e  m i s s i o n ,  t h e  sys tem would n o t  l o s e  a  s i g n i f i c a n t  
amount of n i t r o g e n  o r  p r o p e l l a n t .  Th i s  i s  e s p e c i a l l y  t r u e  f o r  
t h e  n i t r o g e n  as t h e  space  s t a t i o n  h a s  t o  make up n i t r o g e n  t h a t  
l e a k s  e x t e r n a l l y  t o  t h e  space  s t a t i o n .  Also ,  s i n c e  t h e  pro-  
p e l l a n t  compartments a r e  ven ted  t o  vacuum, t h e r e  i s  l i t t l e  o r  
no r i s k  of  c r e a t i n g  a n  u n s a f e  c o n d i t i o n .  F i t t i n g s  (k t o  i n c h )  
c o n s i s t e n t  w i t h  todays  t echno logy  w i l l  s e a l  t o  1 x 1 0 - ~  c c l s e c  
of  n i t r o g e n  w i t h  no s p e c i a l  problems. A bubb le  t i g h t  sys tem 
i s  e s t i m a t e d  t o  be  c c l s e c ,  Thus i t  i s  a p p a r e n t ,  from 
a l l  t r a d e - o f f s ,  t h a t  s t r i n g e n t  l eakage  c r i t e r i a  i s  no t  r e q u i r e d  
f o r  t h e  sys tem i n  q u e s t i o n .  Nominal s e a l i n g  t e c h n i q u e s  c a n  be 
used and s t i l l  a l l o w  f o r  margin i n  l eakage  c r i t e r i a .  Degrada t ion  
due t o  t h e  human e lement  i s  i n h e r e n t  i n  t h e  maintenance c y c l e  
and must be a l lowed  f o r .  The emphasis on f i t t i n g  d e s i g n  c r i t e r i a  
f o r  i n - f l i g h t  maintenance t h u s  changes from s t r i n g e n t  s e a l i n g  
c r i t e r i a  t o  a  f i t t i n g  having t h e  f o l l o w i n g  f e a t u r e s ,  
1 ,  A f i t t i n g  w i t h  a  r e p l a c e a b l e  s e a l .  
2 ,  Repeated s e a l i n g  i n t e g r i t y  a f t e r  numerous assembly 
and d i s a s s e m b l y  o p e r a t i o n s  i n  ze ro -g .  
3. Compact d e s i g n  w i t h  s i m p l e  and p o s i t i v e  assembly.  
4. A f i t t i n g  t h a t  i s  f o o l - p r o o f  i n  assembly and which 
c a n  be  e a s i l y  r e p a i r e d  o r  r e p l a c e d  i n  z e r o  g r a v i t y .  
5 ,  A f i t t i n g  d e s i g n  which e l i m i n a t e s  o r  r educes  f a i l u r e  
modes. 
S e c t i o n  1 1 - C  d i s c u s s e s  t h e  d e s i g n  of f i t t i n g s ,  and p rov ides  
s o l u t i o n s  t o  some of  t h e  above problems. Less s t r i n g e n t  l eakage  
c r i t e r i a  w i l l  p rov ide  many advan tages  i n  t h e  space  s t a t i o n ,  
such  a s  
1. Cost  s a v i n g s  i n  q u a l i t y  c o n t r o l .  
2 .  A r e d u c t i o n  of  problems i n  t h e  l aunch  c y c l e .  
3. Reduced i n - f l i g h t  r e p a i r  and rep lacement  of  f i t t i n g s ,  
4 ,  S i m p l i f i e d  methods of  i n - f l i g h t  l e a k  checks  (bubble  
t e c h n i q u e  v e r s u s  mass s p e c t r o m e t e r ) .  
R. P r o ~ e l l a n t  T o x i c i t v  A n a l y s i s  
An a n a l y s i s  was conducted t o  de te rmine  c o n t a m i n a t i o n  l e v e l s  
i n  t h e  s p a c e  s t a t i o n  t h a t  may r e s u l t  because  of p r o p e l l a n t  
s p i l l a g e  o r  sys tem leakage .  The APS p r o p e l l a n t s  a r e  n i t r o g e n  
t e t r o x i d e  (NTO) and monomethylhydrazine (W). Bas ic  d a t a  
and c o n d i t i o n s  used i n  t h e  a n a l y s i s  were  t a k e n  from t h e  Phase 
B Space S t a t i o n  s t a t e m e n t  of  work. 
The b a s i c  s i t u a t i o n s  t r e a t e d  i n  t h i s  s t u d y  a r e  con tamina te  
b u i l d u p  v e r s u s j  (1 )  s p i l l a g e  of  a q u a n t i t y  of  p r o p e l l a n t ,  and 
( 2 )  c o n s t a n t  l eakage  i n t o  t h e  s p a c e c r a f t .  Each of t h e  c a t e g o r i e s  
were i n v e s t i g a t e d  s e p a r a t e l y  c o n s i d e r i n g  NTO and MMH i n  a  s i n g l e  
space  s t a t i o n  compartment ( f l o o r )  and f o r  t h e  t o t a l  space  
s t a t i o n  volume, Category one ,  p r o p e l l a n t  s p i l l a g e ,  was e v a l u a t e d  
a t  t h e  f u l l  r ange  of space  s t a t i o n  p r e s s u r e s  - 5 ,  10,  and 15 p s i a ;  
whereas c a t e g o r y  two was e v a l u a t e d  a t  10 p s i a .  
Normal o p e r a t i o n  of  t h e  space  s t a t i o n  env i ronmenta l  c o n t r o l  
sys tem (ECS) would i n v o l v e  a  c e n t r a l i z e d  ECS sys tem w i t h  a i r  
c i r c u l a t i o n  th rough  a l l  l e v e l s  of  t h e  space  s t a t i o n  a t  15 t o  45 
f t / s e c .  T h e r e f o r e  a p r o p e l l a n t  s p i l l  would be d i f f u s e d  and 
c i r c u l a t e d  th roughout  t h e  s p a c e c r a f t  u n l e s s  i s o l a t e d  t o  l e v e l  
one.  
F i g u r e s  11-4 and 11-5 show t h e  e f f e c t s  of s p i l l a g e  i n  t h e  
space  s t a t i o n ,  To s i m p l i f y  t h e  a n a l y s i s ,  i t  was assumed t h a t  t h e  
p r o p e l l a n t  s p i l l a g e  was i n s t a n t a n e o u s l y  and un i fo rmly  d i s t r i b u t e d  
th roughout  t h e  volume i n  q u e s t i o n .  
FI
GU
RE
 1
1-
4 
MM
H 
CO
NT
AM
IN
AT
IO
N 
VS
 
SP
IL
LA
GE
 V
OL
UM
E 

Two t o x i c i t y  l e v e l s  a r e  mentioned i n  t h e s e  f i g u r e s .  Tile 
emergency t o l e r a n c e  l e v e l  i s  t h e  maximum amount a l l o w a b l e  f o r  
a 10 minute  u n p r o t e c t e d  exposure .  The maximum a c c e p t a b l e  
c o n c e n t r a t i o n  (MAC) i s  t h e  maximum amount t h a t  can be s a f e l y  
endured f o r  a n  e i g h t  hour  workday. The f o l l o w i n g  c o n c l u s i o n s  
can  be a r r i v e d  a t  f o r  p r o p e l l a n t  s p i l l a g e  i n  t h e  space  s t a t i o n , ,  
1. Maximum t o x i c i t y  l e v e l s  occur  a t  reduced space  s t a t i o n  
p r e s s u r e s  and volumes.  
2 .  P r o p e l l a n t  sys tems must be  t h o r o u g h l y  decontaminated 
p r i o r  t o  b r e a k i n g  open t h e  sys tem,  
3 .  T o x i c i t y  l e v e l s  w i t h i n  t h e  sys tem must be v e r i f i e d  
s a f e  p r i o r  t o  b r e a k i n g  open t h e  sys tem.  
4. A s t r o n a u t s  shou ld  wear p r o t e c t i v e  f l e x i b l e  c l o t h i n g  
when performing r e p a i r  on a  p r o p e l l a n t  sys tem.  
5. Emergency b r e a t h i n g  a p p a r a t u s  shou ld  be provided 
w i t h i n  e a s y  r e a c h ,  and t h e  s p a c e  s t a t i o n  d e s i g n  
shou ld  i n c l u d e  emergency i s o l a t i o n  of  l e v e l  one 
i n  t h e  s p a c e  s t a t i o n .  
6 .  F u e l  s p i l l s  (NMH) p r e s e n t  t h e  h i g h e s t  t o x i c i t y  l e v e l s  
f o r  comparable volumes. 
7 .  S u f f i c i e n t  t ime  i s  a v a i l a b l e  t o  t a k e  emergency 
measures f o r  s m a l l  s p i l l s .  
8 .  Components shou ld  be  des igned  w i t h  no t r a p p e d  
volumes, minimum s e a l  m a t e r i a l  exposed t o  t h e  
p r o p e l l a n t ,  and minimum i n t e r n a l  volume, 
F i g u r e s  11-6 th rough  11-9 show con taminan t  l e v e l s  v e r s u s  
e l a p s e d  t ime  f o r  t h r e e  d i f f e r e n t  v a l u e s  of  t o t a l  p r o p e l l a n t  
sys tem leakage ,  The d a t a  was c a l c u l a t e d  a t  10 p s i a ,  and 
assumed uniform d i s t r i b u t i o n  of  t h e  vapor  w i t h  nominal 
a tmosphere  l eakage  from t h e  space  s t a t i o n ,  The c u r v e s  were 
n o t  a f f e c t e d  g r e a t l y  by v a r i a t i o n s  i n  e x t e r n a l  l eakage  from 
t h e  s p a c e  s t a t i o n .  Using t h e  d a t a  c o n t a i n e d  i n  Tab les  11-1, 
11-2 ,  and F i g u r e s  11-6;  one may p r e d i c t  t h e  t o x i c i t y  l e v e l s  
f o r  any combinat ion of  sys tem and p r o p e l l a n t  l eakage  r a t e .  
The f o l l o w i n g  c o n c l u s i o n s  r e s u l t e d  from t h i s  a n a l y s i s .  
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- 4 1. Nominal sys tem l e a k a g e  (10 ) c c / s e c )  i n t o  t h e  s p a c e  
s t a t i o n  w i l l  r e a c h  MAC l e v e l s  i n  a  r e l a t i v e l y  s h o r t  
t irne . 
-2 2 .  Leakage f a i l u r e s  (10 c c / s e c  o r  h i g h e r )  w i l l  r e a c h  
MAC l e v e l s  i n  a v e r y  s h o r t  p e r i o d  of  t ime ,  
3. The p r o p e l l a n t  sys tem and i t s  i n h e r e n t  l eakage  must 
be  i s o l a t e d  from t h e  i n t e r i o r  of  t h e  s p a c e  s t a t i o n .  
4. No f a i l u r e  modes shou ld  a l l o w  leakage  i n t o  t h e  space  
s t a t i o n  crew q u a r t e r s ,  ( i , e ,  l eakage  shown i s  t o  
vacuum). 
5 .  The d e s i g n  of t h e  C a t a y l i c  burner  i n  t h e  s p a c e  
s t a t i o n  env i ronmenta l  c o n t r o l  sys tem shou ld  c o n s i d e r  
t h e  requ i rement  t o  remove p r o p e l l a n t  con taminan t s  
i n  t h e  e v e n t  of a  s p i l l .  A s m a l l  t o x i c  removal u n i t  
shou ld  be l o c a t e d  a t  l e v e l  one of t h e  space  s t a t i o n  
t o  remove l o c a l  vapors  i n  t h e  e v e n t  of a  s p i l l  o r  
emergency. 
C .  M a i n t a i n a b l e  F i t t i n g s  
I n  t h e  a n a l y s i s  o f  s e p a r a b l e  c o n n e c t o r s ,  i t  was r e a l i z e d  
t h a t  t o  have an, IFM c a p a b i l i t y  f o r  t h e  APS, t h e  sys tem must 
employ s e p a r a b l e  f i t t i n g s  and r e p l a c e a b l e  i n s t r u m e n t a t i o n  
s e n s o r s ,  S e p a r a b l e  f i t t i n g s  a r e  r e q u i r e d  even though t h e y  
a r e  h e a v i e r  and have a  g r e a t e r  p o t e n t i a l  f o r  l eakage  t h a n  
b razed  o r  welded j o i n t s .  
There  a r e  s e v e r a l  s e p a r a b l e  j o i n t s  w i t h  m e t a l  s e a l s  
a v a i l a b l e  t h a t  meet t h e  z e r o - l e a k a g e  requ i rements  of  t o x i c  
p r o p e l l a n t s  and p r e s s u r i z a t i o n  sys tems .  Some of  t h e  more 
a t t r a c t i v e  c o u p l i n g s  and s e a l s  o f  t h i s  t y p e  a r e  t h e  Bobbin 
s e a l  deve lcped  under Ai r  Force  C o n t r a c t  04(611)-8176-9578, 
-11204, and used i n  t h e  Bob-N-Loc c o n n e c t o r ;  Astro-Weight 
c o u p l i n g s  w i t h  meta l  K s e a l s ;  Conoseal  c o u p l i n g s  w i t h  meta l  
s e a l s ;  and Gamah c o u p l i n g s  w i t h  meta l  s e a l s .  Each of  t h e s e  
c o u p l i n g s  c o n s i s t  of a t h r e a d e d  f l a n g e ,  a  n u t ,  a f l a n g e  and 
s e a l  a s  shown i n  F i g u r e  11-10,  The pr imary d i f f e r e n c e  i n  t h e  
v a r i o u s  s e p a r a b l e  j o i n t s  i s  t h e  s e a l  c o n f i g u r a t i o n ,  Also ,  
one manufac tu re r  u s e s  t h e  s t u b  ACME t h r e a d ,  r a t h e r  t h a n  t h e  
s t r a i g h t  t h r e a d ,  and a  r e u s e a b l e  s e a l .  Of t h e  f o u r  nientioned 
above,  t h e  Bobbin s e a l  and t h e  Gamah s e a l  have g i v e n  t h e  b e t t e r  
r e s u l t s  i n  t e s t  of h igh  p r e s s u r e  (over  2000 p s i )  sys tems f o r  

ex t reme  env i ronmenta l  c o n d i t i o n s  and long d u r a t i o n .  The major 
advan tages  of  c o u p l i n g s  and f i t t i n g s  of  t h e  t y p e s  d e s c r i b e d  
above a r e  t h a t  s e a l s  a r e  s e p a r a t e  from t h e  c o u p l i n g  and t h e r e  
a r e  no c l o s e l y  machined s u r f a c e s  t h a t  must be  mated.  Another 
adva-ntage i s  t h a t  a n  u n s k i l l e d  pe r son  can  make a  j o i n t  t h a t  
w i l l  meet t h e  atm c c l s e c  l eakage  r a t e .  T h e r e f o r e ,  s i n c e  
l eakage  i s  no l o n g e r  t h e  predominant c r i t e r i a ,  more emphasis 
shou ld  be  p laced  on t h e  a c c e s s a b i l i t y  t o  t h e  f i t t i n g  and 
t h e  e a s e  of a s sembly /d i sassembly  of t h e  f i t t i n g .  
The most common f a i l u r e  of a  s e p a r a b l e  c o u p l i n g  o r  f i t t i n g  
i s  t h e  s e a l  o r  t h r e a d s  which r e s u l t s  i n  e x c e s s i v e  l eakage .  The 
s e a l  problem can  be  e a s i l y  remedied by r e p l a c i n g  t h e  s e a l  i f  
s e p a r a t e  s e a l s  a r e  employed. The t h r e a d  f a i l u r e ,  due t o  
s t r i p p i n g  o r  g a l l i n g ,  c a n  be a  v e r y  s e r i o u s  problem i f  a  back-  
o u t  s o l u t i o n  i s  n o t  a v a i l a b l e .  A c c u p l i n g  c o n f i g u r a t i o n  a s  
d e p i c t e d  i n  F i g u r e  11-11 h a s  one major advan tage  over  t h e  con- 
v e n t i o n a l  c o u p l i n g s  i n  t h a t  i t  p r o v i d e s  a  back-out  s o l u t i o n  
t o  t h r e a d  f a i l u r e s .  The d e s i g n  ernbodys a r e p l a c e a b l e  nu t  
and s p l i t  r e t a i n e r  r i n g  f o r  d i s a s s e m b l y  purposes .  To be  
a s s u r e d  t h a t  t h e  t h r e a d  f a i l u r e  o c c u r s  i n  t h e  r e p l a c e a b l e  
n u t ,  t h e  t h r e a d e d  female  f l a n g e  would b e  made o f  a  h a r d e r  
m a t e r i a l .  To remove a  f a u l t y  n u t ,  t h e  nu t  would be moved 
back over  t h e  male f l a n g e  u n t i l  t h e  s p l i t  r e t a i n e r  r i n g  i s  
exposed and removed, t h e  f a u l t y  n u t  w i l l  t h e n  p a s s  over  
t h e  male f l a n g e  f o r  removal.  Replacement of  a  s p a r e  n u t  
would be  t h e  r e v e r s e  of  t h e  p rocedure ,  
The s t u b  Acme t h r e a d  i s  recommended a s  i t  i s  a lmos t  
i m p o s s i b l e  t o  c r o s s  t h r e a d  and i s  e a s y  t o  s t a r t  even i f  n o t  
v i s i b l e  t o  t h e  o p e r a t o r .  The s e a l  m a t e r i a l  would be of  a  
s o f t e r  m a t e r i a l  t h a n  t h e  s e a l  c a v i t i e s  t o  p r e c l u d e  damage 
t o  t h e  we lded- in  f l a n g e s .  The s l i g h t  r a d i a l  c l e a r a n c e  
e s t a b l i s h e s  a  r a p p o r t  between s e a l  and c a v i t y  by a l l o w i n g  
t h e  c a v i t y  t o  s u p p o r t  t h e  s e a l  i n  t h e  e v e n t  t h e  modulus of  
e l a s t i c i t y  of  t h e  s e a l  m a t e r i a l  i s  reduced by t ime o r  t e m p e r a t u r e .  
A c i r c u l a r  n u t  i s  shown t o  a c h i e v e  a  minimum enve lope  and 
w e i g h t ,  a l t h o u g h  hex n u t s  cou ld  be  used .  With t h e  c i r c u l a r  
nu t  a  spanner  wrench i s  r e q u i r e d  f o r  t i g h t e n i n g ,  Another 
concep t  would be  t o  have a  back-up O-r ing a s  a  redundant  
s e a l  t o  t h e  m e t a l  s e a l .  The O-r ing would be made of  T e f l o n  o r  
o t h e r  compat ib le  m a t e r i a l .  
An i n - f l i g h t  s o l u t i o n  t o  t h e  rep lacement  of  e n t i r e  
f i t t i n g s  i s  d e p i c t e d  i n  F i g u r e  11-12.  T h i s  method does  no t  
r e q u i r e  any welding o r  b r a z i n g  p r o c e s s e s  t o  complete  t h e  
f i t t i n g  and t u b e  r e p a i r .  


To p r o v i d e  a  t u b e  c o u p l i n g  r e p a i r  c a p a b i l i t y ,  t h e  i n i t i a l  
t u b e  c o u p l i n g  would have s h o r t  f l a n g e s  w i t h  t h e  t u b e  swagged 
and welded t o  t h e  f l a n g e s .  I n  t h e  e v e n t  a  c o u p l i n g  r e q u i r e s  
r ep lacement ,  t h e  t u b e  would be c u t  o f f  immediate ly  behind t h e  
c o u p l i n g s .  A c o u p l i n g  w i t h  e x t r a  l e n g t h  f l a n g e s  cou ld  t h e n  
have t h e  t u b i n g  swagged t o  t h e  f l a n g e s ,  
The o n l y  f l a r e d  tube  type  f i t t i n g s  t h a t  have been t e s t e d  
and gave s a t i s f a c t o r y  r e s u l t s  a r e  t h e  modif ied  AN F i t t i n g s .  
A modi f i ed  AN F i t t i n g  i s  i d e n t i c a l  t o  a S tandard  AN F i t t i n g  
w i t h  t h e  e x c e p t i o n  of  a  groove machined on t h e  nose of  t h e  
f i t t i n g  and T e f l o n  r i n g  i n s e r t e d .  Th i s  forms a composi te  
m e t a l - t o - t e f l o n  and meta l - to -meta l  s e a l  when i n  c o n t a c t  h i t h  
a  f l a r e d  t u b e .  A summary of t h e  t e s t  c o n c l u s i o n s  a r e  t h a t  
t h e  f i t t i n g s  do r e q u i r e  more s u p p o r t  f o r  e x t e r n a l  loads  and 
f o r  v i b r a t i o n  l o a d s  t h a n  s i m i l a r  j o i n t s  w i t h  AN f i t t i n g s  
w i t h o u t  m o d i f i c a t i o n .  The t o r q u e  r e l a x a t i o n  problem i s  a l s o  
g r e a t e r  w i t h  t h e  T e f l o n  s e a l s  t h a n  t h e  non-modified f i t t i n g s .  
The t e s t  i n d i c a t e d  t h a t  t h e  modif ied  f i t t i n g s  gave good s e a l i n g  
c h a r a c t e r i s t i c s  even when manufac tu r ing  s p e c i f i c a t i o n s  were 
not  met. The u s e  o f  damaged (by h a n d l i n g  o r  u s e )  f i t t i n g s  
and e x t e n s i v e  t o r q u e  r e l a x a t i o n  d i d  n o t  a l t e r  t h e  s e a l i n g  
p r o p e r t i e s  s i g n i f i c a n t l y .  The t e f l o n  s e a l s  do t end  t o  l o s e  
s l i g h t  s e a l i n g  p r o p e r t i e s  on re -use  b u t  t h i s  was n o t  g r e a t  
enough t o  r e q u i r e  changes of s e a l s  more o f t e n  t h a n  approx imate ly  
once per  50 reassembly t imes .  These t e s t s  were conducted by 
Brown Engineer ing  Company, I n c . ,  p e r  NASA C o n t r a c t  KAS-10-1360. 
111. RESUPPLY 
During t h i s  r e p o r t i n g  p e r i o d ,  d e t a i l e d  we igh t  a n a l y s e s  
were  conducted a s  p a r t  of  t h e  t o t a l  r e s u p p l y  e v a l u a t i o n .  
Weight comparisons were conducted t o  de te rmine  t h e  e f f e c t s  of 
added we igh t  r e q u i r e d  t o  improve sys tem r e l i a b i l i t y ,  i n -  
f l i g h t  maintenance c a p a b i l i t y ,  and t o  de te rmine  t h e  we igh t  
comparisons of t h e  f i v e  c a n d i d a t e  r e s u p p l y  sys tems .  
Weight e s t i m a t e s  were  made f o r  t h e  f o l l o w i n g  sys tems :  
1. An i n t e r n a l l y  mounted APS which employs t h e  same 
a c t i v e  p r o p u l s i o n  components a s  t h e  WACS b a s e l i n e  
APS. T h i s  sys tem makes no p r o v i s i o n s  f o r  r e s u p p l y  
of consumables o r  r ep lacement  of  components,  
2. The modif ied  APS - 2 ,  which h a s  been d e s c r i b e d  i n  
some d e t a i l  i n  p r e v i o u s  p r o g r e s s  r e p o r t s .  Although 
t h i s  sys tem makes no p r o v i s i o n  f o r  r e s u p p l y  of  
consumables,  r e l i a b i l i t y  i s  upgraded by modifying 
eng ine  placement and by adding a d d i t i o n a l  v a l v e s  
f o r  component i s o l a t i o n .  
3. The f i v e  c a n d i d a t e  r e s u p p l y  systems which were 
i d e n t i f i e d  i n  t h e  p r e v i o u s  p r o g r e s s  r e p o r t  and a r e  
d e s c r i b e d  b r i e f l y  below. 
System 111-1 - P r e s s u r a n t  r e s u p p l y  i s  accomplished by 
e q u a l i f y i n g  p r e s s u r e s  between a 3000 p s i a  n i t r o g e n  s t o r a g e  
b o t t l e  on board t h e  l o g i s t i c s  c r a f t  and a LOO0 p s i a  n i t r o g e n  
s t o r a g e  b o t t l e  on board t h e  s p a c e  s t a t i o n .  R e s i d u a l  n i t r o g e n  
i s  t h e n  used f o r  p r e s s u r i z e d  t r a n s f e r  of  p r o p e l l a n t s .  
System 111-2 - P r e s s u r a n t  i s  r e s u p p l i e d  by modular 
r ep lacement  of t h e  APS g a s  s t o r a g e  a s s e m b l i e s .  P r o p e l l a n t s  
a r e  r e s u p p l i e d  by p r e s s u r i z i n g  t h e  p r o p e l l a n t  t r a n s f e r  t a n k s  
w i t h  r e s i d u a l  u l l a g e  from t h e  APS. 
System 111-3 - T h i s  sys tem i s  t h e  same a s  111 -2 e x c e p t  
t h a t  p r e s s u r i z a t i o n  of t h e  t r a n s f e r  t a n k s  is accomplished 
by a n  i n t e g r a l  blowdown p r e s s u r i z a t i o n  sys tem.  
System 111-4 - This  sys tem u t i l i z e s  a  permanent v o l a t i l e  
l i q u i d  p r e s s u r a n t  which i s  recompressed and condensed d u r i n g  
p r o p e l l a n t  r e s u p p l y .  Energy f o r  p r o p e l l a n t  t r a n s f e r  i s  pro- 
v i d e d  by a  s e p a r a t e  h i g h  p r e s s u r e  r e g u l a t e d  g a s  s o u r c e ,  
System 111-5 - T h i s  sys tem u t i l i z e s  a permanent blow- 
down p r e s s u r i z a t i o n  sys tem i n  which t h e  u l l a g e  i s  recompressed 
d u r i n g  p r o p e l l a n t  r e s u p p l y .  Energy f o r  p r o p e l l a n t  t r a n s f e r  
i s  p rov ided  by a  s e p a r a t e  h i g h  p r e s s u r e  r e g u l a t e d  g a s  s o u r c e .  
O b i e c t i v e s  
Weight e s t i m a t e s  of t h e  above sys tems a r e  summarized i n  
Tab le  111-1. These e s t i m a t e s  were made f o r  t h e  f o l l o w i n g  
r e a s o n s  : 
1, To de te rmine  t h e  we igh t  p e n a l t y  a s s o c i a t e d  w i t h  
p r o v i d i n g  t h e  b a s e l i n e  sys tem w i t h  n e c e s s a r y  com- 
ponent redundancy and i s o l a t i o n  r e q u i r e d  t o  s u p p o r t  
a  t e n  y e a r  m i s s i o n .  
2 .  To s u p p o r t  s e l e c t i o n  of t h e  optimum r e s u p p l y  sys tem 
by p r o v i d i n g  compara t ive  we igh t  e s t i m a t e s  of  t h e  
c a n d i d a t e  approaches .  
Ground Rules  
I n  a d d i t i o n  t o  a c t i v e  components, t h e  we igh t  e s t i m a t e s  
a p p e a r i n g  i n  Tab le  111-1 i n c l u d e  a l lowances  f o r  p r e s s u r a n t ,  
r e s i d u a l  p r o p e l l a n t s ,  and s t r u c t u r a l  p r o v i s i o n s  f o r  mounting 
o f  t h e  components and component modules.  E s t i m a t e s  e x c l u d e ,  
however, c e r t a i n  i t ems  which a r e  expec ted  t o  be approx imate ly  
e q u a l  i n  we igh t  f o r  a l l  of t h e  sys tems c o n s i d e r e d .  These 
i-tems c o n s i s t  of e l e c t r i c a l  c a b l i n g  and c o n t r o l  p r o v i s i o n ,  
u s e a b l e  p r o p e l l a n t  and,  w i t h  t h e  e x c e p t i o n  of t h e  v o l a t i l e  
l i q u i d  p r e s s u r i z a t i o n  sys tem,  the rmal  c o n t r o l  of t h e  com- 
ponents  . 
A l l  of t h e  APS e s t i m a t e s  a r e  based on t h e  u s e  of b a s e l i n e  
components where e v e r  a p p l i c a b l e ,  e , g . ,  c y l i n d r i c a l  aluminum 
p r o p e l l a n t  t a n k s  w i t h  s t a i n l e s s  s t e e l  bel lows f o r  p o s i t i v e  
e x p u l s i o n ,  Weight e s t i m a t e s  f o r  t h e  l s g i s t i c s  v e h i c l e  assume 
minimum weigh t  d e s i g n ,  e . g . ,  s p h e r i c a l  t i t a n i u m  p r o p e l l a n t  
t a n k s  w i t h  T e f l o n  b l a d d e r s  f o r  p o s i t i v e  e x p u l s i o n .  Th i s  
d i f f e r e n c e  i n  d e s i g n  ph i losophy  r e s u l t s  from t h e  marked 
d i f f e r e n c e  i n  m i s s i o n  r e q u i r e m e n t s ,  Space s t a t i o n  components 
must s u p p o r t  a n  ex t remely  long d u r a t i o n  m i s s i o n  w i t h  maximum 
r e l i a b i l i t y  and minimum i n - f l i g h t  maintenance r e q u i r e m e n t s .  
L o g i s t i c s  v e h i c l e  components, on t h e  o t h e r  hand,  may be 
r o u t i n e l y  r e f u r b i s h e d  o r  r e p l a c e d  on t h e  ground, t h u s  en-  
courag ing  t h e  development and u s e  of  l i g h t w e i g h t  components 
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s o  long a s  t h i s  c h o i c e  i s  a l s o  compat ib le  w i t h  minimum o p e r a t i n g  
c o s t s .  
Conc l u s i o n s  
S e v e r a l  p e r t i n e n t  c o n c l u s i o n s  were drawn a s  t h e  r e s u l t  
of  a n  a n a l y s i s  of t h e  e s t i m a t e d  ~ * r e i g h t s  hown i n  Tab le  111-1. 
1. The modif ied  APS -2 i s  expec ted  t o  weigh 105 l b s .  
more t h a n  t h e  WACS b a s e l i n e  APS modi f i ed  a s  r e q u i r e d  f o r  i n -  
s t a l l a t i o n  i n t e r n a l  t o  t h e  s p a c e  s t a t i o n  s t r u c t u r e .  Th i s  
w e i g h t  d i f f e r e n c e  r e p r e s e n t s  approx imate ly  10% o f  t h e  b a s e l i n e  
sys tem weigh t ,  e x c l u d i n g  u s e a b l e  p r o p e l l a n t ,  and i s  r e q u i r e d  
i n  o r d e r  t o  i n c r e a s e  t h e  10 y e a r  m i s s i o n  r e l i a b i l i t y  from 
0.42 t o  0 .97 ,  I n c r e a s e d  r e l i a b i l i t y  r e s u l t s  from p r o v i d i n g  
component i s o l a t i o n  and t h u s  rep lacement  c a p a b i l i t y ,  by adding 
quad eng ine  v a l v e s ,  by s e q u e n t i a l  o p e r a t i o n  of t h e  scbsystems 
A & B ,  and by modif ied  placement of  t h e  e n g i n e s  t o  minimize 
d e t o n a t i o n  e f f e c t s .  
The quoted r e l i a b i l i t y  f i g u r e  of  0.97 a l s o  assumes a  
r e s u p p l y  o p p o r t u n i t y  e v e r y  90 days  and t h e  c a p a b i l i t y  of 
r e p l a c i n g  f a i l e d  components and /o r  l o s t  consumables e v e r y  
r e s u p p l y  c y c l e  i f  r e q u i r e d .  Nominal r e s u p p l y  of  APS consumable 
i s  assumed t o  occur  a t  i n t e r v a l s  of  180 days ,  w i t h  t h e  t a p a -  
b i l i t y  of  con t inuous  o p e r a t i o n  f o r  360 days  i f  r e q u i r e d .  
2 .  P rov id ing  t h e  s p a c e  s t a t i o n  APS w i t h  t h e  c a p a b i l i t y  
of  i n - f l i g h t  r e s u p p l y  o f  consumables i s  expec ted  t o  change 
sys tem weigh t  from - L O  t o  4-77 l b .  above t h a t  of t h e  modif ied  
APS - 2 .  Cons ide r ing  t h i s  r e l a t i v e l y  s m a l l  v a r i a t i o n  i n  
e s t i m a t e d  we igh t ,  i . e , ,  approx imat ley  8% of  t h e  t o t a l  sys tem 
weigh t  e x c l u d i n g  u s e a b l e  p r o p e l l a n t ,  space  s t a t i o n  APS weigh t  
i s  expec ted  t o  be a minor f a c t o r  i n  t h e  f i n a l  s e l e c t i o n  of  a 
consumables r e s u p p l y  sys tem.  
3 .  E s t i m a t e s  of  l o g i s t i c s  v e h i c l e  weight  f o r  t h e  f i v e  
c a n d i d a t e  r e s u p p l y  sys tems v a r y  by a s  much a s  50 l b .  per  
r e s u p p l y  c y c l e ,  o r  approx imate ly  22% of  t h e  i-iiinimum r e s u p p l y  
sys tem weigh t  e x c l u d i n g  t r a n s f e r r e d  p r o p e l l a n t .  Assuming 
a  r o u t i n e  r e s u p p l y  i n t e r v a l  of 180 d a y s ,  t h e  t o t a l  v a r i a t i o n  
i n  we igh t  may be a s  g r e a t  a s  LOO0 l b .  over  a  L O  y e a r  o p e r a t i n g  
l i f e .  One thousand pounds would appear  a t  f i r s t  g l a n c e  t o  
be  a d e t e r m i n i n g  f a c t o r  i n  t h e  s e l e c t i o n  o f  t h e  r e s u p p l y  
sys tem,  However, i f  one r e a l l y  b e l i e v e s  t h e  quoted d e s i g n  
g o a l  of $50,00 t o  $100.00 per  pound of  payload f o r  a n  advanced 
l o g i s t i c s  sys tem,  i t  becomes e v i d e n t  t h a t  v e r y  l i t t l e  d e -  
velopment e f f o r t  can  be a f f o r d e d  i n  o r d e r  t o  r educe  sub-  
sys tem weigh t .  
IV. MANPOWER AND COST PERFORMANCE 
The fo l lowing  two shee t s  dep ic t  t he  p ro j ec t ed  man-hours and 
t o t a l  c o s t ,  exc lus ive  of f e e ,  cumulative by month f o r  the  s tudy 
e f f o r t ,  and t h e  a c t u a l  man-hours and t o t a l  cos t  through the  month. 
of January. 
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